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SUMMARY

Eighteen24S-TAlclad.cylindersof2C&inohdiameter,withskin
thiclmessvaryingbetween0.012hoh and0.025inohandlengthvaqing

v betweenltO.5inchesand~ inches,weretestedinpurebending.They.
werereinforcedwitheither16 or 28 stringersandeither5 or 6 rings.

It’ Oneofthepurposesof theinvestigationwaato establishthe.
criticalvalueoftheparemder A, thatis,a valueabovewhichfailure
wouldocourby generalinstabilityandbelowwhichpanelinstability
wouldtakeplace.Thisvaluewasfoundtobe between20and40for
oyl.inderswith3.6stringersandbetween16 end 74 forcylinderswith
28 stringers.

Theresultsoftheexperimentsoheckthetheorygivenin the
paperentitled“GeneralInstabilltyofMonocoqueCylinders”by N. J. Hoff
(Jour.Aero.Sci.,vol.10,no.h,April1943, pp.105- U-4,130) and
are presentedingraphicalformfortheconvenienceofthedesigner.
Calculationswerealsocarriedoutwhichshowthatthefuselagesof
fourmoderntransportairplaneshavevaluesof A closeto thetransItion
region.Thisisdesirablesincethenthefuselagesareof equalstrength
fromthestandpointsofpanelandgeneralinstabi33tyfailure.

The’constantdanandfora

INTRODUCTION

moreefficientdeeignofthesemimonocoque
typeofcobstructionhasbroughttotheforegroundtheproblemofgenenal.
i-citability.Accordingly,boththeoreticalanderperhentalreseamh

●

concemedwiththistypeoffailurehasbeenconductedat firstat the
. GuggenheimAeronauticalLaboratoryoftheCaliforniaInstituteof

Technology(references1 to 5) andmorerecentlyat theTolytechnjo
K InstituteofBrooklynAeronauticalLaboratories(rei’erenoes6 to8) .



., .“

Thepresentreportdesoribespurebendingtestscarriedoutat3?IBAL
with18 reinforcedmonocoqueoylinders.Suggestionsaregivenbothas to
thedeterminationof thetypeofstructurewhichwillbe likelytofail
by generalinstabilityandaa toa methodofbucklingloadcaloulatlon
.whlohisconvententfordesignpurposesandisverifiedby theavailable
empirioaldata.

●

Generalinstabilityisdefinedas theshultaneousbucklingofthe
longitudinalandcircumferentialreinforcingelementsofa monocoque
oylinder,aswellas thesheetcoveringattachedtothem. Inmonocoques
sub#eotedto pure bending,gene=lins~bili~isusuaUyoftheinward
bulgeQp, s@oalledbeoaueeitis ohamoterizedby theappeamnceof
an inwtibu@e symmetricto themosthigh3ycmpressedstringerand
extendingovera numberofrings.Thedistor%dshapeof thestringers
approxlme%elyresdblesa sinecurve,thehalfwavelengthofwhichis
longerthanthedistancebetweenad@centrings.If thedimensionsof
therings,however,aresufficientlyincreasedrelativeto thesizeof
thestringers,thewavelsngthdecreasesandbeccxuesequaltothez5ng
spacing.Inaamuchas thedistortionsarethenoonfinedtostringersand
she6tcovetingbetweenadJaoentringsonly,thistypeoffailureisdenoted
espanelinstability. ●

.

lt is shcwnin reference6 thata criticalvalueexistsforthe
~tir A definedin equation(4) whichis thedividingpointbetween ?
generalandpanelinstability.It is indioatedinthatreferencethat
thiscriticalvalue13esbetween10and200. Becauseofthelackof
sufficientexperimentaldatainthisregion,twoseriesof speohens with
a differentnuniberofstringersweredesignedandtestedin order to
supplythedesiredinformation.

Reference9 suggestsa procedurefortheevaluationof the critical
stressin general instability,thereliabiU@ofwhiohdependsonthe
knowledgeofthevalueof thepammeter n. A graphgivingvaluesof this
PammeterbasedontheGALCITtestswasshownin thatreference;it is
presentedinthisreyortasmodifiedby theresultsofa thirdseriesof
oylindersinaludedinthepresentexperhentalinvestlgationasweJ-1as
by theresultsofreferenoe7. Theoriginalgraphhasalsobeenrevised
toaccountfortheeffectof thevariationofthemodulusabovethe
proportionallimlt.

TheauthorsareindebtedtoMr.BernardIevineforhiscontribution
tothedesignendtestimgoftheexperimentalspecimensandtothe
evaluationoftheresults.ThecooperationofCanadairjLimited,Pan
AmerioanAirwaysSystem,RepublicAviation-Corporation,andBoeing
AircraftCompanyinsupplyingdataconcerningsomeoftheirairplanesis
gratefullyacknowledged.

Thisworkwasconduotedat thePolytechnicInstituteofBrooklyn
underthesponsorshipandwiththefinancialassistanceoi’theNational
Adviso~Ccmmdttee-forAeronautics.
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SYMBOIS
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areaofstringerpluseffectivewidthofsheet

stringerspaoingmeasuredalongciroumferenoe

Young~smodulus

Youngtsmodulusforring

Young’smodulusforstringer

oppressiveyieldpoint

mcnnentof inertiaofringplus

stringermomentof inertiafor

stfingermanentof inertiafor

dimensionlessc?oeffiuientused
offlatsheet

distarmebetweenad~ent rings

parameter”required

radiusofoyllnder

thidmessofsheet

effectivewidth

effeotiveiridth

criticalstrain

of

of

in

effeotivewidthof sheet

*al benddng

tangentialbending

Inualoulatingbuck13ngstress

3

.—

inoaloulationofbuoklingst~n

oovering

flatpanel

curvedpanel

mosthighlycompressedstringer

buckllngstrainofnonreinfozwedoizmularoylinderunder
uniformaxialcompression

critioalstrainIn flatpanelunderunifo?.maxialcompression

straininstrtnger
.

●
A = (r4/L13d)(Est#str@#r~

v Poisson~sratio
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TE3TSPECIMENS,RIG,ANDHWEDUXE

Twelvecylinderswith16 atringe=andsixwith28 stringers were
tested- inau 28 cylinders- whichwerenuniberedconsecutivelyfrom
1}4to 61. A drawingofa typicaltestspec~n isyreaentedinfigure1,
anddetailedcharaateristicsofeachoylinder are containedin table1.

Allcy2Jmdershada 2&inchdiameteranda lengthvaqingbetween
40.5 inchesand64 inches.Thesheetwas24SATAlcladalmdrnunalloy
0.012inchthickinallspecimensexceptcylinder53 (thicknesst = 0.025In.;
24.S4?)andcylinders54&d ~~ (t= 0.520in.f 2&) j Thelongitudinal--
reinffomementoonsistedof either16 or 28 stringersequallyspacedalong
thecircumferenceontheinsideof thesheetcovering.Thestringers
wereof24S-Taluminumalloyandofeithersquareorrectangularcross
secttioninalltestspecimens.Thecizmmf’erentialreinforcementwas
providedby eitherfiveorsix2k%T aluminum-alloyringsplacedon the
outsideof thesheet.Theircrosssectionwaseither%squareorrectangular,
exceptincylinder57, inwhichthe rings were hexagonal,1/4inchacross.
flats.Thetingspading,constantinw onecylinder,variedbetween -.
specimensfrm 5.79 inchesto 9.@3 inches.

Theringsandstringerswereattachedtotheskinbymeansof

i-inchA17S-Talti~ Uoy round-headrivets.Therivetspacingwas
0.643inchon thestringersandapproximately1 inchontherings.The
ringsandstringe~werefastenedto eauhotherat theirintersectionby

1- inchsteelmachinescrews,exceptincylinder60,inwhichthediameter
8
of thescrewswas3/32 inch.

Thetestrigandtheattachmentofthecylindersto itarevezymuch
thesameas thoseusedinthetestsdescribedinre~erence10. Differences
worthmentioningarea heavystiffeninggridof’steelchannelsaddedto
theendstandanda leverarrangement,opentedby a mechanicalJack,which
permittedtheapp~cationof higher loadsthanthepreviousinterlined
framesEystm.

Theloadwasmeasuredhymeansofa pairofBaldwifiouthwarkSW
typeAA electricstraingagescementedto oppositesidesofa calibrated
loadlink. Thestrainsweremeasuredinalternatestringeminthering
fieldsnextto thetwoendfieldsofeachcylinderby pairsofS= strain
gages.~ A-U straingageswereusedincylinder~0andcylinders~
to 61; in dl the otherspecimenstypeA-1gageswereamployed.Thestrain
measurementswithgagesattachedtothestringenweremadewiththeaid
ofanSR-4portableelectronicstmin indicator;readi~~sonallother
~Wee wereobtainedwithanS%4 controlbox. SwitchingWC,S doneby tWO
~hallcross multipleswitchingunitsandby thet-apere&brasssocketand
plugarrangementusedin thetestsofreferencei’.F.- fivetoeight.load

-4.
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incrementsofapproximately750poundsto 1000poundswereappliedtoeach
testspecimen.At eachstageof loadingreadlngBweretakenandchecked
onall.thestraingages.

Aa intheprevioustests,theweightof theloadingheadandend
ringwasbalamcedbyweightssuspendedona cablepainingovertwosheaves.
J%wasdiscussedinreferenceU, inorderto elJminatetheapplicationto
thecy13ndersofanundesirableshearforce,itwasnecessaqto checkat
eachstageof loadingthattheforceinthecablewouldnotvary. Thism
donebymeansofa calibratedloadlinkinsertedbetwconkhecableandthe
loadinghead. About1 to 3 minuteswerereuired‘iocau@etethechange
fromoneloadto thenext. 7Approximately1 2 hourwasnecessaryto obtain
a ccnnpletesetofreadingsandcheckreadingsat onestageof loading.
A ccmpletetestto failuretookframh to 8 hoursandwasalwaysccdnpleted
within1 dm. Theaccuracyofthsstrainmeasurementsisbelievedtobe
betterthan-a strain of fiO x 10-6..
era errorof lessthan 150 pounds.

. PREsENIY’moIT

Theappliedloadwaemeasuredwith

.

.

Thestrainsmeasuzwdinthestringersintherfngfieldsnextto
eachendfieldwereplottedforeachspecimenagaimtthedistante of

.—

thestringerfrcmthehorizontaldiemeterof thecylinder.Thesestrain
diagramsareshownforonebandof eaohcylinderin figures2 to 19. It
wasdecidedtopresentdrawingscorrespondingto onlyonebandofeach
cylindersincenomaterialdifferenceswerefoundinanycasebetweenthe .
twob~ds. Curvesare@.veninthesed@grsmsforfourapproximately
evenlyspatedstagesofloading,thehighestofwhichcorrespondsto an
appliedbendingmcmentneverlowerthan60pertentb-dusuallyabove
80percentofthebucklingmoment.Itmeybe obeervedfromthesecurves
thatthestraindistributionislinearingoodapproxhnationinall
cylindersforloadssmallerthanone-halfthebucklingload.Deviations. framlinearityappearespeciallyon thecompressionsideofthecylinder
whenbucklingofthesheetbecomespronouncedandwhenthecritical
bendingmanentisapproached.Thestzainsmeaauredatpointssymmetrical
withrespectto eitherofthetwoverticalplanesof symmetvshowedgood
~eement, exceptforthehigheststagesof loading.

A checkontheaccuracyofthemeasurementswasobtainedby calculating
fromthestrainreadingsthevaluesofthetotalbendincmomentandaxial
fo~e inthetwocrosssectionsof eachcylinderandby cunparingthese
resultswiththeextemlly appliedloads.Thischeckwascarriedoutfor
a lowappliedbendingmomentemdfora loadcorrespondingapproximately .
to one-halfthemsxtiummcment.Theresultsforthetwobemdsof each
cy13nderarecollectedintableII. Thiscalculationrequireda‘knowledge
of theeffectivewidth 2w’ ofsheetactingwitheachstringerwhenthe
strainwashigherthanthebucklingstrainof tileskin. Itwasobtained
fromthefollowingfomnula.s: ,

..—
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(1)

*V .
/ )(d-*)* + (~c.~~edcstx

* = [%.d(%r- %umed)]’j’d\
where ~~tr isthektraininthestringerand d is the stringer
spacingmeasuredalongthecimtierence.TheseTozmulaswereobtained
fmm referente 12. -..

Thebucklingstrainof theflatpanel ef~t wasdetemninedfrom
theformula

X2
~fkt = k “(t/d)2

12(1- V2)
(2)

where t is thethicknessofthesheet,v isPoisson*sratio,and k *
isa dimensionlesscoeHicientdependingonthelength-t=idthratioof
thepanelendupontheedgeCIonditions.Thevalues.ofk forcylinders
with16 stringenweretakenas 4, 4,end5 whenthesheetthicknesswas .
0.025fnch,0.020inch,ad 0.012inch,respectively.Forcylinders

.

with28 stringersthevalueof k wasassumedto be ~.~. The valueOF k
wsavariedwiththethickness
of.endrestraintlikelytobe
!&M3bucklingStmin ~cmed

ofthesheetbeoauseofthedifferentemount
p~ovidedby thestrin&rsineachcase.
of thecylindricalsheetwaaevaluatedfrom

Donnell’sfozmula:

‘curved= 0.6(t/r)1- (1.7 x 10-7)(r/t-)2
1 -t-o. cd+(I@cy )

(3)

where r istheradiusofthecylinderand Fcy thecompressiveyield
pointof thematerial.

Inspectiono:thevaluesof table11 showsthatreaso~blygood
agreementwasobtainedbetweenthecalculatedandmesmuwdvaluesof
forceandmomentatbothloadsgiven.Thedeviationinthebending
momentsis10percentorlessofthemeasuredloadinallcases,excepti
incylinder52inwhichthediscrepancyisashigh= 20percentendIn
thefirstloadofcylinder46,which=howsa l>percenbvazziation.The
calculatedunalarmed~ial forceisgenerallyc“onsidereblysmaller
thanA-10“percentof thetotaltensileforee inthegrosssection,with
theexceptionofcylinder58, inwhichthedeviationia24.7percenth“
oneof thebands.

.
.

.

m“
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Curvesshowingthevariationwithapp~edbendingmcmentof the
straininthemosthighlycapressedstringerwereplottedforeach
cy~nder. As no appreciabletifferenceswereachibitedby anyof these
~PhS ~ the~-- shuwnonlyforthreerepresentativecylindersin
figures20,21,and22. In eachfigurecurvesarepresentedforeach
ofthetwobands.Ekceptatveryhighloads,thetwobandsgavealmost
theseineresults.KU.curveswereapproximatelystraightlinesat loy
loads,buttheslopeduxngedwhenbucklingofthesheetcovering
decreasedtheeffectivearea.Thedeviationsbecemepronouncedinmsny
caseswhentieloadapproachedthenuuc~mummnent. Themaxhum
stzainsustainedby eachcylinderatbuckli~we.adeterminedfrcm
thesediagramsby extrapolatingtheaverageofthevaluesobtainedwith
eaohband. Thisextrapolatedvaluewaaneededinconnectionwith
figures23and24. Datapertainingto thefailureofthecyllnders
arecontainedintable111.

Thedeflectedshapeofthespechnensat failure~ be seenfrcau
thephotographs(figs.25to 40). No photographsweretakenof
Cy~IlderS44and45. Variationsofthedistortionscorrespondingto
panelorgeneralinstabilityarediscussedinthenextsection.
TableIV ohowsthatthecylindersareableto supporta largepementage
of thebucklingmomentevenaftertheinstabili~bulgehasfozmed.
AftereachcylhderhadcoUapsed,theloadwasnotremovedforat

$ least12hours.TheloadwasthenMen offandincreasedagaintothe
maximumpossiblevalue.Thiswason theaverage91.5percentof the

.

.

original
cylinder

.
wh&e

In these
section;

buoklingmanent.Thelowestvalues were79 pertentfor
47 andabout60percentforcy~nder63..

~nsionless

THECKPITCALVA.WI?IOF A

parameterA isdefinedinreference9 as

(4)A = (r4/L13d)(Est#str/E#r)

lstr= Istrr+ (5/8)(l/n2)Istrt (4a)

equationsI+ isthemomentof inertiaoftheringcross
lStrr m lstrt arethemomentsofinertiaof thestringer

crosssectionforradialandtangentialbending,respectively.The
effectivewidthofsheetshouldbe included inthecalculationsof



the mcmentsof inertia.In thisreportthewidthofsheetautingwith
theringswastakenequaltothewidthofthering,andthatsatingwith
thestringenwascalculatedfrcmequation(1). Theparemetern
appearinginequation(k-e.)x be telsenfranfigure24 of thepresent
report,whichisa modificationoffigure10ofreference9. If no
bettervalueisavailehle,n maybe takenequalto 3. A discussion
ofthisparemeterappearsinthenextseotion.

Accordingto a dismssioninreferenoe6, a mnoooquecylinder
alwaysfailsingeneralinstabilityifthevalue of A corresponding
toit ishigherthanapproximately200endal~s failsinpanel
instabili~if A is lowerthan10. Intheregionbetween10and200
eithertypeoffailuremayomur. As littleexper~ntaldataexisted
ooveringthisregion,twoseriesofspeoimensweretestedwiththeaim
ofnarrowingdowntheunoertainzone.Thevalueof A wasohangedbetween
cylindersofeaohseriesmerelgby ohamgingthesizeof therings.

Thefirstserieeinoludescylinders44to 49, eaohofwhluhhad
J.6stringers. It may be seen from tableITIandfromthephotographs
(figs.25to 28)thatallcylindersinthisserieswitha valueofA
equalto or largerthan38.5 failedingeneralinstdbillty,whereas
thecyllnderwith A equalto 19.5 failedInpanelInstability.The
failureofthespecimenwitha valueof A of 30startedwitha panel-
instabilitypattezm,whlahchangedoversuddenlyatbucklingtoa
general-instabilit.ytype.It‘maybe thereforeconoludedthatfor
cyldnderssimilarto thoseinthisseriesfailurewilloocurby panel
instabilityif A <20, failuzwwillocourby generalinstability
if A >40, andeithertypew ooourif 20< A < 40.

Thesecondseriesis fomedby cylinders56 to 61, eachofwhich
wasreinforoedwith28stringem.Theresultsobtainedwithcylinders56
and57, however,shouldbe usedwithcaution.IIIoy~nder56 oneof
theboltsconnectinga ringanda stringerat theirintersectionfailed
duringbuckling.Forthisreasopcylinder60wasbuiltidenticalwith
uylinder56, exceptthat~- inohboltswereusedto replacetheprevious

~-imh size.
32

1 inchhexagonalrings,collapee
8

In cyldnder57,whichhad~-

occurredby failureofoneoftherings.No du Hcate ofthisspecimen
wasbuilt. tFrantable11Xendthephotogrqhsfigs.37 to 40)the
conclusionsmayhe drawnthatfor A < 16 failurewillooourby panel
instability,for 16 < A c 74 eithertype~ oocur,and
failuretilloccurby genezmlinstability.Theseresults
forspecimenssimilartothosetestedinthisseries.

Thevalueof A wascalculatedforthefuselagesof
transpotiairplanes,designatedasnmdelsA, B,C, sndD.
valuesof A wereobtained:

for A >74
are valid

fourmodern
Thefollowing

i

t
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Model

A“

B

9

. ----
A

66

72

c 15

D, upperseotion(r = 66 in.) %

D, lowersection(r= 57 in.) 12

Fromtheseresults,itmaybe concludedthatmodelsA, B, an&D,
upper”section,arelikelyto failby generalinstability,whereas
nmdek C andD, lowersection,wouldprobablyfailby panelinstability.
However,all.thefivevaluesof A areeitherin or so closetothe
L@its ofthetransitionzonethatthet~ offailureoannotbepre-
dictedwithanydegreeof certainty.Itmaybementionedthatit is
desirableto designfuselagessothattheyfallInthetransitionzone,‘“–
sincethentheyareequallystrongfromthestandpointsofpaneland
generalinstabi~ty.Earlierairplaneshadmuchlowervaluesof A,
asmaybe seenfromreference6,where A wascalculatedfora nuiber
ofthesetransports.ThevaluesobtainedrangedfromO.U08 to 3.844,
exce-ptforonemodelforwhichA was71.38.Therl&s of aU these
earliertypesofairplanewereumnecesearilyheavy.Theywuld prevent
general-tabil.ityupto loadswhichcouldneverbe reachedbecause
ofthemuchlowercriticalloadsinpanelinstability.

Thetypesof failurepredictedwillocourprovidedthatthe
fuselagedoesnotfailat smallerloadsforreasonsnotinvestigated
here. Forexample,failuremaybe causedby a breakthroughstringers
andskinon thetensionsideorby coUapseofa stringerdueto
beam+olvmnaction12a shearforceispresentwhichcausesa tension
diagonalfieldto de-felop.

In thecalculationof A, valueswereusedflorthespatingand
sizeof thevariousmembersof thefuselageswhichcorrespondto
reasonableaveragesof theemtualdimensione. In thefuselageof
modelB, however,the~ariatIoninthesizeswaslargeenoughto
werranta revisionofthedevelopmentof the‘&eoq onthebasisofa
variablemomentof inertiaof thestringers.A ~oodapproximation
to tlhecorrectvalueof A u be usuallyobtainedfromthedimensions
of Thefuselage’in theneighborhoodof themosthighlycompressed
stringers.

.

.

.

x
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THEPAIWETER

Itwaeshowninreference9 that the

n

mosthighlycompressed
stringerina monocoqueoylindersubjettedtopurebendingwould
sustainat themanentofbucklingby generalinstabilitya strain

# whhh maybe calculatedby thefolhwingequation:

2 1/2A~tr)= n2# Istr/(LlA ,~or (5)

where &tr isthearea ofa stringerpluseffectivewidthof
sheetjIstr maybe aaloulatedfranfozmula (k), @ Iq IS the fing

spacing. After SUbStd.tUtiOIIinequation(5)ofthevalueof A frcm
equation(h),thestrainx bewrittenas

h
n2*2

i

d Er
— — %tn%6cr = ~2%tr ‘1 ‘str

(6)

shownthatthevalueof n dependson the
r/d * ~cr/~orsh> thelatterofwhich

In reference9 it is
Umens’ionlessparemetem
maybe representedapproximatelyby e*~/t. Curvespresentedin
figure10of thatreferenceon thebasisoftheWIT testsshow
thatthisfactwassubstantiatedby experimentThedashedlinesof
figure23of thepresentzwportareidenticalwiththoseoffigure10 ‘
ofreference9.

Thevaluesof n foraylinders50to55,59,and61 were
obtained,frmequation(6)inwhichtheexperimentalextrapolated
valuesOf ~Cr hadbeensubstituted.Theseresultsareplottedas
crossesinfigwe 23, togetherwiththevaluesof n similar3y
obtainedforthecykhiiemofreference7. Thevaluesof n givenfor
theWIT cylindersinfigure10ofrefe?.wnce9 arebasedonthe
assumptIonthatHooke’slawholds.As,huwever,sevemlcylinders
failedundera strainhigherthantheproportionallimit,thevalues
of n wererecalculatedonthebasisofa reducedmdulusofelasticity.
w temgent+odulusvaluesof 24S= aluminumalloy requiredforthese
calculationsweretakenfrcunreference13. It RWbe observedthat
theagreementbetweenthepointsandtheourves~ be considerably
improvedbymodifyingtheoriginallinesinthemannerindicatedby the
solidlines infigure23.

Itmightbe notedthatsaneofthespec~ns ofreference2 were
usedin redrawingthecurvesinspiteofthefactthata sltghtemount
of coppressionwasappliedto theminadditionto thebendingmoment.

i

.
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Theoompzwssiveforce,however,wascomparativelysmallendoausedin
theworstcasea stzainof 20.3percentofthemaximumstrainin the
cylinder.Theinclusionofthesepointsinfigure23 Iswa~ted by
theinves-tigationsof references6 end 7.

Thecurvesof figure24areidenticalwiththeeolidlinesof
figure23andshouldbe considendas thefinalresult.Whenthese
ourvesareusedtoprediotthebuoklAngloadofa oylindertheresults
~ be calculatedby a ste~y-stepapproximationsprocedure.First,
n MSWbe ass-d tobe 3 ~ cor c~~u~~d f- equation(@ ●

With
this‘valueofthecriticalstraina newvalue of n oanbe readfrom
thecurvesof figure24. Thepzmoeduremustbe continueduntilthe
assumedam.1calculatedvaluesof n arecloseenoughforpractioal
purposes.It shouldnotbe forgottenthat Iatr changeswith n, as
msJbe seen frcm equation(ha),andtheeffeotivewidthof thesheet
ohangeswith ~. Theste~by-tepprocedureis sham indetailin
referenae 9.

. CONCIUSIOF6.

? On thebasisoftwoseries,eaohconsistingof sixcylinders
testedat PIBAL,emdthetheoreticalande~er3mentalworkreportedin
NACATWs Nos.938, 939, and968, the likelihood of failureby panel
or genetiinstabi~ty- be decidedfrauthe,followingtable:

General Tremsition Panel
rid instabilityZOl18 Z- instabilityzone

2*54
I

A>40
I

20< A<40
I

A<20

4.46 A>74 16< A<74
I

A<16

In thistable

A = (r4/L13d)(~st#s&@#r)

/
&

. Moreover

.

*
I=tr = 18trr + (5/8)(1/n2)~strt
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L!
where

radiusofcylinder
: stringerspacingmeasuredalongoiroumferenoe
L1 distancebetweenadjaoentrings
Estr Young~smodulusforstringer
Er Young’smodulusforring
Ir momentof inertiaofri~ pluseffectivewidthof sheet
n ~ter required
%trr stringermcmentof

lstrt stringermcmentof

In thetransitionzoneeither

Thevalueofthefailing

incalculationsofbucklingstrain
inertiaforradialbending

inertiafortangentialbending

typeofinetabildtyq occur.

straineor ingeneralinstabilityin
themosthighlyCompressedstringerina monocoqueoylhdersub~ected
topurebendingmaybe calculatedfromthefozmula.

.

Ccr = n2ti21str/(L12A1/2~tr)

where &tr istheareaofthestringerplustheeffcmtivewidthof
thesheet.Itmq be seenfrcma plotof r/d againstcc& (wheret

isthethiclmessofsheetcovering)thatthevalueof n -dependson
thearitical.strain.A tria&and-errorprocedureis therefore
necessazyin ordertoevaluatethestrain~or frcmtheforegoing
eg,uatIon.

Sanecautionshouldbe exeroisedinusingtheserec-ndatione
sincetheyarebasedonmodeltestsandtheoqyandno full-scaletests
haveyetbeencarriedouttosubstantiatethem.

PolytechnhInstituteofBrooklyn
Brook-, N.Y.,Febznuxqyh,1947
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TAMEI - Omtmm OEmOmmSTIos

[Diameter, 20h. forall. oylimlma; rivet mhgabngstringera, 0.643b, dcmgrlnge,

1 imappradmately. &~h ~~ ~- for f~~~ _

end strhsera at their Intemmotlona1

Stringer
limber of ~ Emiberof - - of Sheet

*linder i3tze
(in. x in. )

13pe.oins cylinder
‘-m (In. x in.) ‘W

thickness A
(in. ) (in. ) (in.)

3/8 x 3/8 1.6
g

3/8 x 1/8 7.07 48 0.012 241
do----- . ---- --do-- 1/2 X 3./8 --2--

46
--do-- --dc-- 174

do----- ---- --do-- 1/4 x L/h --do-- --do-- : --do--
do

38
------ ---- --do---

i-i
“3/4 x 3/16 --dO-- --do-- 48

&
--do--

----- ---- --do-- lx I./8 --do-- --do-- 48
&g

--do--
1/4 x l/2

2
-Q-s ---- --do-- --do-- --aO-- 48 --do--

50 5/I.6 ?5/16 --do-- 1/8 x ~2 6 5.79 --&- 1%
51 3/8 x 3/8 --aO-- ----do---- --do-- 6. k3 : --lw- 228

52 1/2 x 1/2 --da-- ----aO---- --do-- 5.79 46 --ao-- 830

53 do------ ---- --do-- 1/8 x 3/8 5 9.00 5$ .025 344

% 3/8 x 3/4 --dO-- 1/8 x 3/8 6 6.43 5* .02Q 612

55 -----ao---- --do-- 118X l/2 --do-- 5.79 46 --do-- 725
56 1/4x 1/2 28 3/16x l/2 5 9.00 5* .OI.2 16

57 do --ito-----”. ----- lp+ hemgonal --&-- --do-- --&- 21
58 *----- ---- --ao-- 1/8 X 3/4 .+j.. --do-- $
59 -do

/

--do--
---- ---- --do-- 18xl./2 --do-- --do-- 62 --do-- $

60 -----do---- --11o-- 316 xl/2 --dD-- --do-- 62 --do--
61 do.-----... --do-- l/8x 3/8 --&-- --do-- 62 --do-- 74
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Lm lOEd. E@ H @led mghlcd
Hmmt Fmm tit *e ~ hroe Hmmt I’Ome
(llAn.) (lb) (IMIL) (m) (Iba.) (lb) (I&in.) (III)

CJlmler44 cYMulfm 45

APP3.led36,f$.M o 73,000 0 B$--m o 1~,m o
=B 34,7~ 23 (23,200 42 *,CNID -7’0
BEJd E

MlJ+,@ 4’1
35,* 42 69,!Km94 33,w0 -la 166,#C0 -Ii%

‘ L.ahxid me w
- hrae m rolwe

(lb-in. ) (n?) (lb-h) (lb)

6h,lcm o 1T4,000 o
51,630 42 137,700-273
5%7~ o lAO,&o -U3

CY1.bbr55 I

CyMdOr 58

I7!J,000 o 213,hoo o
-rl,hoo 193,700-210
-p,tka 3 lg6,hoo 210
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TABLEIII - INSTABILITYDATA
-I

re~robtained by extrapolatingtestdatatomaximummomentj
L

M._ correctedfortareweightofloa~ Arm;

GI, general ins~bili~; PI, panel instability
P/GI, failure started by panel Wtability

and ended by general instability]

Cylinder

44
45
46
47
48
49

;:
52
53
9
55

56
57
58
59
60
61

Experimental
naX3mumstrain,

Ecr

19.4 x ld
18.5
24.9
24.8
23.0
26.6

23.4
,16.7
19.9
14●2
16.0
16.8

20.2
15.9
20.0
20.3
19.0
20.3

Experimental
maxhnzmmoment,

M
(in~ylb)

273,000
280,000
354,500
380,500
337,500
403,5m

251,500
246,500
h86,500
5@,5~
553,500
553,300

401,900
376,500
46a,600
451,000
451,000
403,000

lBolt failed at ring-stringer intersection.
2
Wag broke at buclddmg load.

A

241
174
38

z
19

18o
228
830
344
612
725

16
21

$

74

——.

Type of
failure

- -.—
GI
GI
GI
P/GI
GI
PI

GI
GI
GI
GI
GI
GI

P/GI1
P/G12
P/GI
P/GI
PI
GI

—.-—



TmLEIv. -mmmRAImR(NmAPsx
.

‘.

p mmente in ixl.-lb ; all. mcmmntaam correoted
for * weight of loadhw am]

Ma%xmmM+ent afterOylinaer ~t -n-t after Mam13tafter MazLmummanent Mcment after
Couapse inoreaae In Imd IJladaxopped aft.ar overnlgi.tt ins-b load dropped

2’73,~ 267,000 2’73,~ 268,Ocil 277,000 248,000
; 280,m 276,000 287,000 263,000 287,W 257,000

354,500 297,500 ------- ------- 302,500
47 38Q,yM

294,500
360,500 354*W 350,500 3CX),ylo 262,500

337,500 320,500 331,5cil 308,500
z

313,300 298,m
403,500 387,500 -----.- .------ 383,500 341,500
251,w 227,500 ------- ------- 237,m =6,XM

; 2k6,5ce 238,m -.s---- ------- 251,w tig,m
52 4%,500 +B,’joo ......- -.----- 521,5Qo 487,~
53 508,500 484,500 ------- ---.”.- 529,500 m,500
9 553150Q 434,5m .------ .-.-”.- 459,500 -------
35 753>300 y23,850 ------- ------- 550,600 436,5(x)
56 4ol,gw 3&),t50. --”----- ------- 386,900 373,300
57 376,5ca 339,500 352,500 303,500
58

323,~ 311J500
460,61x 373,3@3 ------- -------
451,000

381,%0 294,200
59 388,ym ------- ------- 414,200 343,300
60 451,0m 262,YM ------- ..----- 382,&m
ti 403,000

367,850
203,700 .------ ------- 239,m 224,500
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Figure 1.- Typical test specimen, Cylinder60; 16stringers.
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IR@ure25.- Photographof cylinder46afterbuckling.
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Figure 27.- Photograph of cylinder 48 efter buclding.

‘v



.

,.

●

.

.



.,. ,

EI
z

figure 28.- Photographofcylinder49afterbucld@.
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Figure 29.- Photograph of cylhder50 afterbuckling.
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Figure 30.- Photographofcylinder51titerbudding.
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Figure 31.- Photograph of cylinder 52 after buckling.
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Figure33.- Photograph
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of cylinder 54after buckling.
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Figure 34.- Photographofcyliuier55afterbuckling.
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Figure 35.- Photograph of cylinder 56 after bucliling.
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IHgure 36.- Photograph of cylinder 57 after buckling.
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Figure37.-Photographof cylinder 58 after buckling.
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Figure38.- Photographofcylinder59titerbuckling.



.)

.



● ✎ ● ✌

Figure 39.- Photograph of cyliuder60afterbuckling.
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Figure 40.- Photograph of cylinder 61 after buckling.
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